INTRODUCTION
Musculoskeletal (MSK) infections can cause a range of symptoms from simple joint pain to serious, debilitating conditions, such as sepsis and physical disability. Despite improvements in personal hygiene, the discovery of antibiotics, and advancements in surgical treatments, MSK infectious diseases are still frequently encountered in clinical practice. Early and accurate diagnosis is critical for the best possible outcomes from therapy.
However, diagnosing MSK infections is not always straightforward and often requires a process of differential diagnosis among multiple non-infectious disease entities (1) . Various diagnostic imaging techniques, as well as clinical and laboratory records, are used in combination to prevent misdiagnosis.
However, a variety of MSK diseases can mimic infection both radiologically and clinically. For example, atypical manifestations of common bone tumors such as osteosarcoma and histiocytosis may present with cortical destruction, periosteal re-action, and adjacent soft tissue swelling, which are all also typical of MSK infections.
In this review article, we discuss three infectious MSK diseases that are considered most important in clinical practice: osteomyelitis, infectious arthritis, and infectious spondylitis. Osteomyelitis is categorized into three clinical stages (acute, subacute, and chronic) because each stage has its own distinctive imaging features. Typical radiographic characteristics of each disease category are presented, followed by mimicking cases.
ACUTE OSTEOMYELITIS
Osteomyelitis is an inflammation of bone and bone marrow caused by an infecting organism. When the infection develops within the first 14 days following an initiating event, such as an injury, or the start of an underlying disease, it is clinically classified as acute osteomyelitis (2) . On plain radiographs and CT scans, permeative bone destruction, indistinctiveness of the Lesions that Mimic Musculoskeletal Infection: A Pictorial Essay 근골격계 감염과 유사한 질환들: 임상 화보 Musculoskeletal (MSK) infections, such as osteomyelitis, infectious arthritis and spondylitis have variable radiographic findings depending on their underlying cause and clinical infection stage. Other disease entities, ranging from simple degenerative lesions to tumorous bone conditions, in which there is no evidence of infectious origin, can share similar radiographic findings. It is important to be aware, when interpreting radiographic features that are typically associated with MSK infections, that a non-infectious MSK disease may be mimicking the radiographic findings of infectious diseases. 
jksronline.org

Permeative Bone Destruction and Periosteal Reaction
The earliest osseous change observed in acute osteomyelitis is indistinctiveness of the cortex, followed by spotty, mottled rarefaction, usually on the metaphyses of long bones (3) . Periosteal thickening and new bone apposition are the most common subsequent changes (4) . Yet such findings are not specific to acute osteomyelitis. The following is an example of a mimic.
The proximal humerus of a 10-year-old female patient showed extensive bone destruction with "moth-eaten" and permeative patterns on plain radiographs (Fig. 1A ). The bony lesion was located on the terminal metaphysis, on which discontinuous periosteal reactions were also visible. On MRI scans taken for further evaluation, soft tissue adjacent to the osteolytic bony le-sion showed strong enhancement in contrast-enhanced view, suggesting the presence of inflammation ( Fig. 1B ). All these imaging appearances led to an initial suspected diagnosis of acute osteomyelitis. However, this case was confirmed to be an osteosarcoma. It is important to remember that permeative, destructive bony lesions with peritumoral edema are also typical of radiographic findings seen in osteosarcoma cases.
Perilesional Bone Marrow Edema and Soft Tissue
Swelling
In addition to the osseous changes discussed above, perilesional bone marrow edema and soft tissue abnormalities are also important indicators of infection in acute osteomyelitis cases.
Furthermore, many other pathologic conditions can share these imaging appearances, thereby masquerading as an infectious disease and making accurate diagnosis difficult. Here is a case of a 21-year-old male patient who had been complaining of right shoulder pain for several months although his shoulder joint appeared normal on the initial plain radiograph ( Fig. 2A ). However, MRI showed bone marrow edema on the coracoid process and inflammatory changes in adjacent soft tissues ( Fig. 2B ). After an initial diagnosis of acute osteomyelitis, the patient underwent surgery, after which the removed bony tissues were pathologically confirmed to be consistent with osteomyelitis. A year after the surgery, he had a follow-up MRI for persistent right shoulder pain. On follow-up MRI, a round, masslike lesion was clearly visible at the base of the coracoid process.
Meanwhile, reactive sclerosis and bone marrow edema had de- In another case of a 65-year-old female patient, the plain radiograph of her pelvis showed a fractured left pubic bone along with several fractured fragments with irregular margins and reactive sclerosis (Fig. 3A) . However, features observed on MRI appeared much more aggressive than expected from a simple insufficiency fracture. There were also perilesional marrow changes that were accompanied by fracture and hematoma, which could easily be confused with abscess formation (Fig. 3B ).
Such pelvic insufficiency fractures typically occur at the sacral ala and the parasymphyseal region of the os pubis (5) . As seen in our case, fractures of the parasymphysis and pubic rami often have aggressive radiographic appearances, including increased lysis and bone fragments. Accompanying marrow edema and perilesional areas with increased signal intensity on MRI can increase the difficulty in selecting the correct diagnosis because such findings overlap with indirect signs of infection.
SUBACUTE OSTEOMYELITIS
Subacute osteomyelitis is a low-grade bone infection that occurs within 3 to 5 weeks of an initiating event. Various factors, such as increased host resistance, decreased bacterial virulence, and antibiotic administration contribute to an indolent course of subacute osteomyelitis. The most important manifestation of subacute osteomyelitis is a single focus of a geographic osteolytic lesion, known as the Brodie abscess, predominantly found in metaphyseal locations (6) . Histopathologically, a Brodie abscess is walled off by reactive bone proliferation and the abscess cavity may contain pus, necrotic tissues, and pathogens. On plain radiographs, a Brodie abscess appears as a radiolucent lesion with or without sclerotic margins, whereas on MRI, it is typically seen as a well-demarcated collection of intraosseous fluid with peripheral enhancement. Below, we describe two very different conditions with similar radiographic appearances imitating a Brodie abscess.
A case of a 10-year-old male patient included a plain radiograph of his humerus that showed osteolytic lesions in the middle shaft (Fig. 4A ). A periosteal reaction was observed on one side but there was no definite evidence of reactive sclerosis. On MRI, cortical destruction, periosteal reaction, and swelling of the adjacent soft tissues were evident, supporting a suspected diagnosis of subacute osteomyelitis with an intraosseous abscess ( Fig. 4B ). However, the osteolytic lesion was finally confirmed to be Langerhan's cell histiocytosis (LCH). In the long bones, the imaging features of LCH can be correlated with the stage of the disease. On plain radiographs, LCH initially appears as ill-defined areas of bone destruction whereas in advanced stage, lesions develop well-defined margin with limited sclerosis (7) . Also, smooth endosteal scalloping with a "budding appearance" on CT and MRI may be a useful imaging feature in diagnosis of LCH (8) .
We observed another similar case of histiocytosis at a different location in a 19-year-old male patient's skull. On the axial CT scan, there was a well-defined osteolytic lesion with a geo- 
CHRONIC OSTEOMYELITIS
The chronic osteomyelitis stage involves bone infections that persist for over 6 weeks despite appropriate treatment. Characteristic bony lesions at this stage include involucrum, sequestrum, and cloaca. An involucrum is new bone growth by the periosteum surrounding a sequestrum, which is a devascularized bone fragment (12) . A cloaca is a defect in an involucrum through which purulent and necrotic materials escape. The best diagnostic clue for chronic osteomyelitis is thickened, irregular A plain radiograph of a 73-year-old male patient's left lower extremity showed thickened and heterogeneously sclerotic bone at the tibial shaft ( Fig. 7A ). T1-weighted MRI showed diffuse thickening of the cortex with increased signal intensity. Also, changes in bone marrow signal intensity can be observed (Fig.   7B ). The first diagnostic impression was chronic osteomyelitis of the tibial shaft. However, the chest CT scan of the same patient showed a cavitary lung mass that was later confirmed to be malignant. The bone scan taken for cancer work-up showed multifocal metastatic foci, including the ribs, sternum, pelvic bones, femurs, and tibia. Thus, the sclerotic bony lesion at the tibial shaft was in fact a metastatic lesion.
INFECTIOUS ARTHRITIS
Infectious arthritis, also known as septic arthritis, represents On the initial plain radiograph of an 80-year-old female pa-tient's right shoulder, only mild degenerative changes without significant joint space narrowing were observed. Yet during the course of the following 8 months, rapid progression in the destruction of articular margins followed resulting in a markedly reduced joint space with multifocal detached osseous fragments ( Fig. 8A, B) . MRI of her shoulder showed severe narrowing of The second case mimicking infectious arthritis was a 35-yearold male patient's right hip joint, accompanied by joint effusion with a distended joint capsule that was evident on MRI. Also, significant narrowing of the joint space and subchondral bone erosion were observed. Periarticular soft tissue edema was present on the contrast-enhanced MRI, but there was no significant signal change in the bony structures ( Fig. 9A ). Considering such radiographic appearances, the initial diagnostic impression was septic arthritis of the hip joint. However, on the plain radiograph of the same patient's pelvis, bilateral hip joint space narrowing with axial migration of femoral heads and a collar of osteophytes at the femoral head-neck junction suggest that he has an underlying ankylosing spondylitis (Fig. 9B) . In fact, the lesions observed in his right hip joint did not result from a septic condition. Along with the sacroiliac joints, his right hip joint was also being invaded by ankylosing spondylitis. Ankylosing spondylitis is a chronic inflammatory arthropathy that primarily affects the axial skeleton. The prevalence of hip involvement in patients with ankylosing spondylitis is relatively high, being
reported in approximately 24-36% of patients (15) . Unlike syndesmophyte formation in the vertebral columns, synovial inflammation within the involved peripheral joints, such as hips and shoulders, causes cartilage loss and bone erosion, thereby resulting in narrowing of the joint space (16) .
In another case, the hip joint of an 8-year-old female patient showed joint effusion with synovial hypertrophy and capsular distension on ultrasonography (Fig. 10 ). Similar radiographic findings can be observed in cases with Legg-Calve-Perthes disease and septic arthritis. However, the margin of this patient's hip joint capsule was relatively well-defined with scarce pericapsular changes. Considering that septic arthritis normally Another case of a 73-year-old male patient' s cervical spine also presented with confusing radiographic findings. On the plain radiograph, a collapsed C5 vertebral body was visible with anterior displacement upon C6 (Fig. 12A ). On an MRI taken for further evaluation, the collapsed C5 with marrow signal changes seemed to be a result of a pathologic compression fracture.
An epidural mass formation at the same level was also detected, which supported the initial diagnosis of metastasis ( Fig. 12B ).
However, the same patient's CT image showed osteolytic bone destruction predominantly confined to the central portion of the vertebral body and reactive sclerosis on the remaining uninvolved bones (Fig. 12C ). Such findings raised the possibility of this disease being an infectious one, and considering the relatively less noticeable inflammatory changes in the adjacent soft tissue, tuberculous spondylitis seemed an appropriate diagnosis for this patient' s condition. However, the final diagnosis was consistent with the initial presumptive impression: bony metastasis.
Differentiating vertebral metastasis from infectious spondylitis is crucial because their therapeutic managements are significantly different. On MRI, spinal metastasis is more likely to involve non-contiguous vertebrae, causing a more aggressive destruction bodies is a common finding despite the fact that the intervertebral disc space is usually preserved in spinal metastasis (19) .
Sclerosis or Eburnation
As infectious spondylitis progresses, regenerative changes take place and reactive sclerosis or eburnation of vertebral endplates may subsequently appear. Such osteosclerotic responses are typically more prominent in pyogenic spondylitis, but they can also be seen in tuberculous types.
A 60-year-old male patient's L-spine MRI showed severe disc degeneration at the L5-S1 level with subchondral bone erosion at the adjacent endplates. Disc extrusion was evident (Fig. 13A ).
On the CT scans of the same patient, secondary reactive sclerosis at the endplates of L5 and S1 seemed very prominent, accompanied by vacuum phenomenon features (Fig. 13B ). Such nonspecific findings can be easily observed in the late stages of infectious spondylitis. However, the underlying mechanism of bone destruction is very different between the two disease entities. During the course of degeneration, bone destruction can result from continuous mechanical forces, such as abrasion.
However, similar results can be obtained through the osteolysis process caused by infection.
CONCLUSION
Infectious diseases of the MSK system share many radiographic findings with various other disease entities. An awareness of potential infection mimics is helpful to avoid diagnostic errors, which could lead to catastrophic results for the patient. A. Sagittal T2-weighted MRI of the L-spine shows severe disc degeneration with bone erosion (arrow) caused by mechanical forces at L5-S1. B. Sagittal CT image of the same patient shows disc herniation at L5-S1, with secondary sclerotic changes in the adjacent vertebral bodies.
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